In our study, we examine contagions materialising between the stock market indices of three countries in the
Introduction
In recent decades, more and more emphasis has been placed on recognising and addressing shocks related to deepening global financial and capital market
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Máté Csiki -Gábor Dávid Kiss integration, the spread of financial innovations and global liquidity flows. Along with theories focusing on fundamental-based contagion, arguments emphasising financial and capital market relationships as key contagion channels have increasingly come into focus (Király et al. 2008) . The external financial adjustment of small, open economies across Europe took place rapidly; the resilience of the economies to external financial shocks improved after the financial crisis of 2008 -2009 . Analyses breaking away from fundamentals with a new focus on financial market relationships increasingly came to the foreground in the aftermath of the "devastating crises" of the past two decades, emphasising shocks stemming from abrupt changes in capital flows and the importance of highleverage finance. Stability may be upset by temporary disturbances arising from global financial imbalances and sudden shifts in liquidity flows. All of this can be traced back to the development of network structures across capital markets and the resulting collective behaviour exhibited in relation to extreme events.
The study examines contagions materialising between the stock market indices of three countries in the Visegrád region 1 (V3: Poland, Czech Republic, Hungary) and selected developed countries (the USA and Germany). In order to avoid the bias stemming from its lower level of liquidity, the Slovakian stock market is not included in the sample. The review covers the period between 1 January 1997 and 8 September 2017. The sources of weekly data are stooq.pl and the "ARAD" database of the Czech National Bank.
First, we used a dynamic conditional correlation (DCC) model to analyse the dynamic conditional comovement of regional and developed stock market indices. Then, with the assistance of the financial market variables applied, we attempted to explain the volatility of the comovement simulated by the DCC model by running the Heckman selection model -a novel technique in relevant studies -with special regard to detecting contagions unfolding around extreme events. The results of the Heckman model point to the presence of contagions arising from shocks between developed and regional markets and the financial market variables applied in the model suggest possible descriptions for the correlation change. In addition to the presence of contagions, it is important to highlight the time profile of the changes in possible causal channels and their diverging effects amid extreme negative and extreme positive returns.
Following a presentation of the empirical antecedents affecting the region, we discuss collective capital market behaviour and provide an overview of the relevant literature, with special regard to the presentation of capital market contagions. After describing the model and methodology applied in the research, we then analyse the comovement between regional and developed markets and give an overview of the extremities of the Visegrád stock market indices. The article concludes with a description of the results received after running the Heckman panel regression, first for the entire review period of 1997-2017 and subsequently, after dividing the period into three parts in accordance with the attribute of ascending depression, for the resulting three periods.
Theoretical overview
For the interpretation of the results, we need to present the empirical antecedents of covariance analyses affecting the Central and Eastern European region and the manifestations of the consequences of capital market complexity and collective behaviour in money market contagions, divergence and interdependency. Gelos -Sahay (2000) studied financial market spillovers on the stock prices of the V3 economies. Starting from 1993, financial market integration increased significantly, especially during the period of the 1998 Russian crisis. The authors found that the Hungarian equity market has the largest exposure and the Czech equity market had the smallest exposure to the contagion emanating from the Russian crisis, which is also confirmed by Schotman -Zalewska (2006) in relation to the 1997 crash in Asia and the 1998 Russian crisis. Cappiello et al. (2006) referred to an increasing degree of integration from the 2000s in the V3 countries. Correlation of the V3 with the German and American markets increased substantially during the 2007-2008 subprime crisis, which is consistent with the research of Syllignakis -Kouretas (2011) , who estimated a rise in the correlation coefficient from 0.5 to 0.75 during the crisis with the use of a DCC model. The heightened volatility observed during crisis periods is accompanied by a rise in dynamic conditional correlation coefficients, which may serve as evidence for financial market contagions between V3 and developed (German and US) markets. Baumöhl et al. (2011) found that correlation between the markets ranged between 0.5 and 0.7 on average, with significant outliers around the crisis periods. -Roll (2009) measured the integration between the V3 and developed markets by the degree of determination by global factors. They found that stock market prices in Visegrád countries can be significantly explained by global factors from the 1990s, which points to a high level of integration. Gilmore et al. (2012) found evidence of long-run cointegration between the V3 and German equity markets. -Moore (2008) investigated comovement between the three emerging Central and Eastern European stock markets with the euro area market over a sample period from 1994 to 2006 by utilising a DCC model. The correlation coefficient ranged between 0.3 and 0.5. The authors also observed that the Asian and Russian crises and EU accession strengthened the level of integration. Savva and Aslanidis (2010) Studies Máté Csiki -Gábor Dávid Kiss also relied on a DCC model to measure the degree of correlation between the V3 and the euro area and demonstrated that the Polish and Czech markets increased their correlation to the euro area from 1997 to 2008, whereas for the Hungarian market the correlation, although high, remained constant. The integration between the V3 and the euro area increased over time, especially after EU entry, and remained strong even during the subprime crisis (Gjika -Horvath 2012) .
Empirical background
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In summary, we can conclude that the events of the past few decades strengthened the integration between the V3 and developed markets significantly (Baumöhl -Lyócsa 2014) . EU accession negotiations and the efforts of V3 countries to bring their regulatory framework and legal standards in line with European Union directives improved investors' confidence. Improvements in stock exchange operations and trading regulations, accession to the EU, intensification of foreign investments and capital inflows and more flexible exchange rate regimes across the region all contributed to the increase in the region's comovement with developed markets. The subprime crisis, crisis management and the European debt crisis raised the Visegrád region's level of integration even further. In addition, the European Union adopted the IFRS standards, which also determine the consolidated reporting obligations of listed companies. According to a Hungarian survey, publicly traded companies also pay special attention to convincing stakeholders because -in addition to the statutorily prescribed content -they provide a considerable amount of voluntary disclosures (Kovács 2015) , which assists in gaining and retaining the confidence of investors.
Definition of collective behaviour and its presence in the relevant literature
According to Bonanno et al. (2001) , the complex interpretation of capital markets has three consequences. On the one hand, price returns and volatility are only asymptotically stationary, while the autocorrelation of returns is monotonously decreasing for at least twenty trading days. On the other hand, a high degree of cross correlation may exist between different sets of time series. This leads to the third level of complexity, which points to the existence of a type of collective behaviour in capital markets during extreme market events. In capital markets, collective behaviour manifests itself in contagions, interdependence and divergence.
Based on Kiss (2017) , three levels can be distinguished in the definition of contagion. With respect to contagion according to the narrowest definition of the term that we used for the purposes of this study, we observed significantly increased correlation in turbulent periods compared to calm periods. In our study, we divided H capital market returns into two -an N normal and an X extreme -sets, where the H  N  X correlation holds true. The n index included in the definitions denotes normal, whereas the x index denotes extreme V3 stock market returns. m i refers to regional indices, while m j refers to developed indices. Definition: Capital market contagion is understood as a significant increase in the ρ m i , m j correlation between m i , and m j markets under extreme returns in the Visegrád markets (Kiss 2017) :
Accordingly, if weekly returns in the m i market are divided according to normal and extreme returns, we will observe a significantly higher correlation between the m i , and m j markets under extreme returns ( ρ x m i , m j ). et al. (2008) identify financial and capital market relationships as key contagion channels. Studying the 1997 crisis in the Far-East and the 1998 crash in Russia, Van Royen (2002) asserts that the propagation of contagion does not depend on the macroeconomic fundamentals of the given country. A number of studies pointed out that amidst sharply declining and volatile stock prices, shocks induce a significant increase in the comovement of equity markets (Campbell et al. 2002; Lin et al. 1994 ). The 1998 rouble crisis drew attention to high-leverage financing as a possible cause of contagion; the global liquidity shortage gave rise to financing problems, and high-leverage funds withdrew simultaneously from geographical regions which were apparently not related in any way (Király et al. 2008) . Wong -Li (2010) observed that a disruption in the balance of global capital flows triggers capital flights on a global scale, while the market comovements generated by the shock considerably hampers the basic function of diversification, i.e. the effectiveness of risk spreading.
Király
In studying contagions, it is important to highlight the phenomenon of herding, especially when fundamentals cannot fully explain the shocks emerging in the financial system and their spillover. Herding behaviour occurs when market participants excessively imitate the behaviour of others, which may contribute to the persistence of asset price bubbles or even fuel further price inflation (LakosSzendrei 2017) . The increasing financial openness and the intensifying liberalisation of capital flows often entail rapid shifts in short-term capital movements (Magas 2010) . Indeed, globalisation mitigates the need for the gathering of country-specific information; investors define the balance between portfolio diversification and costly additional information gathering themselves (Magas 2010) . This also puts homogenisation into the foreground. Syllignakis -Kouretas (2011) provided an empirical verification of the herding behaviour relevant to the region when, in relation to the subprime crisis, they emphasised the herding observed in the Central and Eastern European region.
Using wavelet analysis, Dewandaru et al. (2018) Over the longer term, within fundamental linkages, market comovements tend to reflect real economic embeddedness (Chen -Zang 1997) , whereas global factors appear to be the driving force behind short-term fluctuations (Van Royen 2002) . In the case of strong linkages between two economies, an interdependence can be observed in stable periods, whereas significantly increased correlations around shocks signal the presence of contagion (Forbes -Rigobon 2002) . The close economic ties of Central and Eastern European countries with Germany strongly determine the magnitude of dynamic conditional correlations. European stock market indices are far more likely to correlate with German indices than with the US indices, while an extreme rise in the US DJI index provides evidence of interdependence between the V3 indices and the DAX index (Kiss 2017) . Wang et al. (2017) found evidence of interdependence between the US-Chinese, US-Japanese and US-Russian capital markets in the context of the US subprime crisis. In order to interpret these events, we need to clarify the concept of interdependence, i.e. a manifestation of collective behaviour beyond contagion.
Definition: In the case of capital market interdependence, the ρ m i ,m j correlation between m i , and m j markets does not change significantly under extreme returns in the Visegrád markets (Kiss 2017) :
Accordingly, if weekly returns in the m i market are divided according to normal and extreme returns, we will not observe a significantly different correlation between the m i , and m j markets under extreme returns ( ρ x m i ,m j ).
In response to the crisis, there is evidence of significantly decreasing comovement in the case of US, EMU, Polish, Hungarian and Czech 10-year bond yields (Kiss -Kosztopulosz 2012) . Farkas (2011) pointed out that the Visegrád countries constitute an unique economic model. Investors view countries with similar properties homogeneously, based on such properties as geographical location, economic structure, history or credit rating. In the case of shocks, investors seek to simultaneously shed from their portfolios all assets that are regarded as homogenous. As a previously homogeneous region collapses as a result of this heterogenisation, this process appears as capital market divergence (Bearce 2002) .
Definition: When capital market divergence occurs, there is a significant decline in the ρ m i ,m j correlation between m i , and m j markets under extreme returns in the Visegrád markets (Kiss 2017) :
Accordingly, if weekly returns in the m i market are divided according to normal and extreme returns, we will observe a significantly lower correlation between the m i , and m j markets under extreme returns ( ρ x m i ,m j ).
Methodology
We used a dynamic conditional correlation (DCC) model to analyse the dynamic conditional comovement of regional and developed stock market indices. We sorted the extreme returns of the V3 indices by a VaR (Value-at-Risk) procedure and then tried to explain the volatility of the comovement under extreme returns by running the two-step Heckman panel regression with the help of the variables applied. For our calculations we utilised Matlab R2014a and the Gretl software package.
DCC-GARCH (dynamic conditional correlation)
Generalised ARCH, i.e. GARCH (Generalised Autoregressive Conditional Heteroscedasticity) models are key tools in addressing the problems arising from autoregression and heteroscedasticity. In the GARCH(p,q) model p and ε 2 define the lookback period of the error term, while q and σ 2 define the lookback period of the standard deviation; α i denotes the effect of present news on conditional variance, while β i denotes the persistence of volatility; i.e. the shock exerted by new information on old information (Kiss 2017) :
Defining the α 1 and β 1 parameters in the case of GARCH(1,1) models is of crucial importance. The baseline GARCH(1,1) model assumes that present volatility is a function of past volatility and returns and that there is no difference between the market responses to positive and negative information shocks.
In order to provide evidence of collective behaviours on financial and capital markets, we need to verify temporal changes in correlations, for which it is indispensable to observe the time factor and to strip out heteroscedasticity from the changes in comovements. The dynamic conditional correlation (DCC) model is suitable for this exercise.
Based on Engle (2002) , the dynamic conditional correlation model (DCC model) simulates the conditional σ i,t 2 variance of time series that can be characterised with r t ||φ t-1~N (0,H t ) return and all φ t-1 information available at t-1 point in time:
Studies
Máté Csiki -Gábor Dávid Kiss Kiss -Varga (2016) observed that extreme events can be removed by means of parametric (statistical) or non-parametric approaches. The statistical approach assumes that the dataset is characterised by some probability distribution (e.g. normal distribution), and removes (X) outliers on this basis. For our purposes, we applied the VaR calculated from the conditional volatility received from the fitting of the GARCH model, a method widely used for risk perception in financial and capital markets. Assuming a normal distribution, extreme returns (r XVaR ) under the VaR model comprise logarithmic price fluctuations at a probability level below 5 per cent. In this case, returns are considered extreme where with a probability of 95 per cent they fall farther than within a standard deviation of 1.65 from the expected assumed value of zero (Madura 2008) . That is,
Extreme price movements
assuming that μ ≅ 0 and that conditional volatility is σ t .
Heckman selection model
We examined the volatility of the comovement between Central and Eastern European and developed stock price indices and the appearance of collective behaviours with the Heckman selection model (Heckman 1976) . The method removes extreme return values from the time series, and describes the factors that trigger extreme returns of the variables that might cause extremities (7). The model is suitable to observe the collective behaviour that occurs in financial and capital markets. A significantly deviating value of the constant (β 1 ) received from the regression equation (9) may point to contagion or divergence, while a significantly non-deviating value of the constant may signal interdependence, in consideration of the strength and sign of the coefficients and the value of the explanatory variables. The regression equation of the model (9) is capable of capturing the factors influencing the volatility of the comovement between developed and V3 markets (X i ' ), as well as their direction and the magnitude of their impact (β i ). The coefficient of the variables shows in which direction and to what extent a given variable influences the dynamic conditional correlation under an extreme negative and extreme positive yield environment of the V3 indices. The model is based on a two-step regression: the first step is the selection mechanism that sorts and explains tail events (Z* = 1 cases). The second step is a regression model which explains the drivers of the fluctuations in the comovement of V3 and developed market with the assistance of variables incorporated into the model that prevail under tail events.
Selection mechanism (step 1):
where Z i = 1 denotes extreme returns, (7)
Regression model (2nd step):
The error terms of the selection and regression equations (u i ,ε i ) are independent and follow a bivariate normal distribution; moreover, we measure the ρ correlation between the error terms (corr[u i ,ε i ] = ρ). If the value of the ρ correlation is 0, the β coefficients of the OLS model are free from specification error, i.e. the model can be used. In that case, Heckman's λ parameter will be significant and the results received can be interpreted within the framework of the model (Greene 2003:784, Formula 22-20; Wooldridge 2012) .
The model
The selection mechanism of the Heckman selection model applied is constructed as follows, if Z i,t = 1:
where Z i,t denotes the extreme returns of the three Visegrád indices, SP500 t is the US S&P500 stock price index, LIBOR t is the USD-denominated London interbank interest rate (LIBOR), and Oil t is the logarithmic return of Brent crude oil. The second step of the Heckman selection model is the regression equation, if Z i,t = 1:
where DCC ij,t is the dynamic conditional correlation of regional markets with developed markets, i is the relevant V3 country and j is the relevant developed country. R i,t is the logarithmic differential of the 1-month interbank rate (Bubor, Wibor, Pribor) of the Visegrád countries. RP EU i,t is the difference between the 1-month interbank interest rates of the Visegrád countries and the euro area, and RP US i,t is the difference between the V3 and the USD-denominated 1-month Libor. P i,t is the logarithmic return of the exchange rate of regional currencies against the US dollar, I i,t is the logarithmic return of the regional indices, I DAX t is that of the German DAX stock price index, and I RTS t is that of the Russian RTS stock price index.
Results
This chapter presents the primary statistics of the variables, the comovement of the developed and Visegrád markets, the extreme returns of the V3 indices and the results of the Heckman selection model.
Primary statistics
The primary statistics of the variables are presented in Annex 1. The expected mean -a value around zero -assumed by the baseline model and low standard deviation
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hold true for each individual variable. In the case of the indices, we found negative asymmetry differing from zero. Of the V3 indices, the BUX and the PX exhibit more significant negative skewness. The asymmetry of the Russian RTS index deviates the least from the baseline model. The negative asymmetry suggests that negative exchange rate shocks occur at a higher rate on the equity markets. The presence of the depreciation process that mostly characterises the period causing a positive asymmetry is demonstrated by the skewness of the currencies against the US dollar. Regarding interest rates, an analysis of the third moment reveals substantial differences. Other than the Pribor, the asymmetry of interbank rates is negative. A kurtosis higher than three -fat tailedness -increases the relative frequency of extreme fluctuations. Fat tailedness held true for the return of all variables under review. On the whole, we can conclude that extreme returns are far more likely to occur than random movements in the case of the indices, exchange rates and oil prices, which is also confirmed by the hypothesis of normal distribution, rejected on the basis of the Jarque-Bera test. Based on the Ljung-Box test, the lack of autocorrelation does not hold true for a significant part of the returns. For most variables, the p-values of the ARCH-LM tests point to the homoscedastic nature of the returns. The logarithmic differentials of the time series are covariance stationary: in other words, the first and second moments of the time series do not explicitly depend on time. The application of panel regression requires stationary inputs; we employed the Im, Pesaran and Shin test (IPS) to test for panel stationarity. According to the test, the variables used in the model are stationary (Annex 2).
The means of the V3 stock price indices' dynamic comovement with the DAX index exceed the corresponding values with the S&P500. The comovement of all three Visegrád indices proved to be stronger with the German index than with the US index. The deviation of the comovements is stronger in the case of the Czech stock price index and weaker in the case of the Hungarian index (Annex 3).
Dynamic conditional correlation of V3 and developed stock price indices
From 1993, the comovement of regional financial markets with developed markets increased significantly, especially during the period of the 1998 Russian crisis (Gelos -Sahay 2000) . A surge in the comovement of the three markets can be also observed during the dotcom crisis (Figures 1 and 2 ). Representing the euro area with the DAX index, Figure 2 demonstrates the assertion by Gjika -Horvath (2012) , namely, that the integration between the V3 and the euro area increased significantly after EU accession and remained strong even during the subprime crisis.
In the first half of the review period, the Czech PX index exhibited weaker correlation compared to the region, which can be attributed to heterogenisation. Starting from the end of the 1990s, the Czech Republic pursued a convincing monetary policy and successfully applied an inflation targeting system. Positive expectations regarding the country were significantly reinforced by the performance of the real economy and the country's stable currency, which functioned as a local safe haven. 
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Demand and supply imbalances arising in the market of low-risk assets are among the reasons behind the global liquidity abundance of the first half of the 2000s. The emerging market crises of the 1990s and the dotcom crisis hitting developed markets were identified as the underlying factors of the imbalances, which led to a sharp increase in investors' demand for low-risk assets and the depletion of assets that were deemed to be low risk (Horváth -Szini 2015) . Owing to the tighter monetary policies adopted in the mid-2000s in response to global excess demand and overheatedness, the V3 countries started to converge significantly to one another, and their correlation with the S&P500 and DAX increased sharply. From 2006 until the outbreak of the crisis, the integration of regional markets and the DAX intensified. The comovement between regional markets and developed markets peaked in the period following the spillover of the crisis to Europe.
After the outbreak of the 2008 financial crisis, the correlations adjusted somewhat, but this process was associated with substantial volatility. The comovement between the markets intensified markedly during the shocks triggered by the European debt crisis, the Greek crisis and the South-European indebtedness. The correlation coefficients rose to the vicinity of the levels measured during the financial crisis, which may serve as evidence of the existence of contagion channels between the financial markets of the European Union. Similarly, comovement between regional markets and developed markets increased in response to the 2015 capital market shocks and uncertainty (turbulence on the Chinese stock exchange, Greek debt management problems).
Extreme returns of Central and Eastern European indices
It is also apparent in the V3 countries that extreme events are typically more likely to occur in the equity markets during turbulent periods. Regional extremities can be often characterised by the clustering of extreme events around significant crises and periods of capital market turbulence (Annex 4). Numerous extreme negative events were observed around the Asian and Russian crises at the end of the 1990s; however, the deepening capital market liberalisation of regional countries gave room for several extreme positive returns as well during the period. 
Heckman selection model -for the entire period
Running the Heckman procedure for the entire period lasting from 3 January 1997 to 1 September 2017 yielded significant lambda values between the stock price indices of the developed countries and the Visegrád indices ( Table 1) . The results obtained can be interpreted in the context of the Heckman model for extreme positive and extreme negative movements in the Visegrád indices alike. 
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denotes the extreme returns of the V3 index, SP500 t is the S&P500 index, LIBOR t is the USD-denominated London interbank interest rate (LIBOR) and Oil t is the logarithmic return of Brent crude oil. The regression equation is DCC i j,t = β 1 + β 2 R i,t + β 3 RP EU i,t + β 4 RP US i,t + β 5 P i,t + β 6 I i,t + β 7 I DAX t + β 8 I RTS t + ε i j,t , where DCC ij,t is the dynamic conditional correlation of regional markets with developed markets, i is the specific V3 country and j is the specific developed country. R i,t is the logarithmic differential of the 1-month interbank rate (Bubor, Wibor, Pribor) of the Visegrád countries. RP EU i,t is the difference between the 1-month interbank interest rates of the V3 and the euro area, and RP US i,t is the difference between the V3 and the USD-denominated 1-month Libor. P i,t is the logarithmic return of the exchange rate of regional currencies against the US dollar, I i,t is the logarithmic return of the regional indices, I DAX t is that of the German DAX stock price index, and I RTS t is that of the
Extreme events on Central and Eastern European stock markets
Based on the model, whenever comovements can be observed between the Visegrád indices and both developed markets similar factors affect the extreme positive and extreme negative movements in the regional indices. Of the variables included in the model, a robust shift in the S&P500 index and oil price movements significantly influenced the extreme positive returns of the V3 indices, whereas extreme negative returns were also affected by the Libor, as the proxy variable for global risk.
Amid both positive and negative shocks, changes in the global investment environment -i.e. changes in the S&P500 index -generate the same impact on Central and Eastern European stock price indices. Due to the significant exposure of the reviewed countries and indices to the oil market, oil price shocks exert a significant impact on the extreme fluctuations of stock price indices. The returns of regional indices move in the same direction in response to changes in global economic activity, which is consistent with the findings of Aloui et al. (2013) . Through the discount factor effect, the intensification of global risks and an increase in discount rates on the corporate side may adversely affect stock prices (Jammazi et al. 2017) . In the increasing interest environment of shock periods, investors may be nudged to the bond market and may reduce the share of stocks in their portfolios.
As the inverse effect of rising interest rates, stock prices decline through the asset price channel (Baele et al. 2013 ).
The substantial effect of the three global variables on the shocks sustained by the regional stock price indices underpin the V3 indices' dependence on global factors as proposed by Pukthuanthong -Roll (2009) . This demonstrates the broadbased global integration of the regional indices stemming from capital market liberalisation. Van Royen (2002) found that real economic integration is not fully determining in the case of short-term fluctuations. An extreme strengthening or weakening in the S&P500 index triggers a shift in the same direction in regional markets, which may be evidence of financial contagion between the US and V3 stock price indices.
Contagions
Outlying constant values (significantly stronger dynamic conditional correlation) between developed and regional markets may signal contagions emerging in turbulent periods. The comovement constant of regional indices and the US index is 0.64 and it is 0.80 in the case of regional indices and the German index in an extreme positive return environment ( Table 1) . It should be noted, however, that constant values are influenced by the coefficient of the explanatory variables and by the values taken by the variables. In a positive return environment, the coefficients of the variables under review are negative; in other words, they reduce the value of the comovements. In an extreme negative return environment, the constants are 0.57 and 0.63, i.e. their values are lower than in the case of extreme positive returns ( Table 1) . As opposed to the positive return environment, in a negative return environment the positive coefficient of most variables under review strengthens the degree of comovements further, as a function of the values taken by the variables.
The average values of the explanatory variables may also differ as a function of market shifts. The higher the constant values with the German market, the closer the comovement of regional indices with the German market than with the US market, which is consistent with the empirical results so far. Chen and Zang (1997) pointed out that strong economic ties, as is the case between the Visegrád region and Germany, are a main determinant in the region. The study by Fałdziński et al. (2016) confirmed that the German, Polish, Hungarian and Czech capital markets are characterised by a similar long-term path. Gilmore et al. (2012) found evidence of
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long-run cointegration between the V3 and German equity markets. Over the long term, the direction of the money and capital markets of the Visegrád countries may be influenced by the German market.
Comovement under extreme positive returns
In the case of unusual strengthening, of the variables included in the model the Euribor risk premium and the exchange rate against the US dollar explain the changes in the comovement of developed markets and the Central and Eastern European indices (Table 1) . Changes in the conversion rate vis-a-vis the US dollar have a stronger effect on the correlation between US and regional markets than between the German and the regional markets as opposed to the Euribor risk premium, the amplitude of which is stronger where there is a comovement with the German market.
Interest rates affect stock markets through numerous channels. On the one hand, the key policy rate influences stock prices through the portfolio rebalancing effect.
On the other hand, stock prices also affect interest rates; an expected decline in stock prices signal pessimism regarding the future performance of the real economy, to which the monetary authority is expected to react with an interest rate cut (Jammazi et al. 2017) . Besides inverse effects, effects may also be exerted in the same direction along the lines of the flight-to-quality strategy (Baele et al. 2013) . Increasing regional risk premia may presage a surge in regional risk, which may precipitate a fall in stock prices. In the case of a jump in risk premia during turbulent periods investors try to shed riskier assets in line with the flight-to-quality strategy. As a result, less risky developed market assets are given priority, which may trigger capital outflows from emerging markets. According to the model, rising risk premia scale back the comovement between the developed and the Visegrád countries.
The relationship between the exchange rate and stock market returns can be approached from two sides. In line with the international trading effect, changes in the exchange rate affect equity prices (Aggarwal 1981) . According to the theory of the portfolio balance effect, equity prices impact exchange rates (Bahmani-Oskooee -Sohrabian 1992) . In boom periods the stock market is capable of inducing foreign capital inflows, which boosts demand for the local currency. In the model applied, changes in the exchange rate may exert an inverse effect on the comovement between the markets around positive capital market shocks. Weakening of the local currency against the US dollar reduces the comovement between the markets. In the model, global investment appetite increases under extreme positive returns, which may raise local stock price indices. Through the international trading effect, depreciation of the exchange rate exerts a positive effect on the competitiveness of export-oriented firms and improving export performance may in turn increase profits and hence, company value and stock prices (Aggarwal 1981) .
Comovement under extreme negative returns
In the case of a sharp fall in regional stock prices, the change in the comovement between developed and V3 indices may be explained by changes in the regional interest environment, the Euribor risk premium, the exchange rate and the Russian RTS index (Table 1) . However, the Euribor risk premium had no effect on the correlation between the German and the V3 indices.
The improvement in the Visegrád interest environment observed around negative shocks may be a sign of a surge in regional risk. During shock periods, investors try to shed riskier assets, which may induce capital outflows both from emerging and developed equity markets, which in turn may explain the increased correlation between equity markets during volatile periods (Lin et al. 1994) . According to the model, the comovement between developed and regional markets increases overall, but the rising interest environment reduces this effect somewhat. This effect is stronger between the S&P500 and the regional indices. The Euribor risk premium exerts an inverse and weaker effect on dynamic comovement under negative extreme returns than in the case of extreme positive returns.
According to Table 1 , changes in the exchange rate have a significant impact on comovements in volatile periods. Global investment appetite decreases while correlation between the markets increases in turbulent periods (Longin -Solnik 2001) . Over the short term, depreciation generates a decline in the indices as it results in higher inflation expectations and consequently, investors become more sceptical about the future performance of the real economy (Ajayi -Mougoue 1996) . In line with the international trading effect, changes in the exchange rate affect equity prices (Aggarwal 1981) , the weak currency improves the competitiveness of export-oriented firms, which offsets expectations about the future performance of the economy. This effect can only take hold if demand for the products of export-oriented firms, i.e. the export markets, did not deteriorate.
2 According to the model, in the case of extreme negative returns correlation 3 between developed and Central and Eastern European markets is increased by a change in the exchange rate in the same direction. A change in the returns also affects the exchange rate: in periods of depression stock price declines lead to depreciation of the local currency. Deteriorating investor confidence may generate capital outflows in turbulent periods, which gives rise to depreciation of the local currency. The two effects may materialise concurrently in the financial and capital markets, and their opposing effects may simultaneously shape the relationship between stock prices and exchange rates (Tsai 2012) . According to Dimitrova (2005) ,
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Examining the investor side, the value of international investments declines amid negative financial market shocks. On the one hand, this is because of the stock price effect and on the other hand, through the exchange rate effect a potential currency devaluation undermines the profitability of the positions accumulated so far. Weakening of the local currency may drive the indices into an adverse feedback loop, strengthening the already increased comovement even further.
In addition, it is important to highlight the significance of the Russian RTS index, which can be attributed to the important trade relations and financial ties between Russia and the Visegrád states. Wide-ranging real economic and financial relationships maintain potential contagion channels between the countries concerned. The effect of the Russian stock price index gains significance in the case of an unusual decline in the V3 stock price indices. 4 According to the model, in extreme negative events the Russian RTS index may significantly influence the comovement between developed and regional indices.
Heckman selection model -in optimistic periods and periods of depression
In this sub-chapter, we analyse the entire review period divided into three phases along the lines of boom and depression periods. Drawing from the study by Wu and Lee (2015) , based on the Visegrád stock price indices and applying flexible rules, we divided the entire time series into a boom period between 1997 and 2007, a period of depression between 2007 and 2009, and an optimistic period lasting from 2009 to 2017. In the case of the three fractional periods, we applied the extreme -normal return sorting (VaR procedure) pertaining to the entire review period.
In the first period -the period between 3 January 1997 and 2 March 2007 -the Visegrád states were characterised by increasing openness and accelerating capital market liberalisation. As the economies became increasingly open, their capital markets gradually integrated into the global capital flow chain in a declining interest environment with decreasing risk premia. They switched to more flexible exchange rate regimes and, thanks to the intensifying capital inflows, the period saw a continuous strengthening of the regional currencies (Novák 2014) . Besides the "dirty float", the interest policy was given the important role of keeping the exchange rates within the desired bands (Neményi 2009 ). Owing to the shift in the demand function, oil prices rose continuously amid strong volatility during the period (Uliha 2016) .
During the global financial crisis that dominated the second period (9 March 2007 -27 February 2009 ) the stability problems of regional countries and the contagion channels with developed markets were thrust to the foreground. The crisis prompted a sharp, sudden increase in the comovement between regional markets and developed countries. The spillover of the crisis inflicted serious damages to the stability of the financial systems of the regional countries. The 2008-2009 financial crisis and the warning signs of the impending crisis manifested themselves in the form of an extremely strong series of turbulences in the financial and capital markets of both the epicentre and the periphery. Running the two-step Heckman estimation procedure for the period 2007-2009 did not yield any significant result that could have been interpreted in the context of the model.
The third period lasting from 6 March 2009 to 1 September 2017 covers the period of post-crisis recovery and crisis management followed by the European debt crisis and subsequently, the period of global consolidation. Both the global economy and regional economies were characterised by a declining, near-zero interest environment and decreasing and realigning premia (Kosztopulosz 2012; Neményi 2009 ). The exchange rates of regional currencies exhibited gradual and at times drastic weakening. In the period of crisis management, oil prices began to climb gradually in response to specific demand shocks but later on -in the second half of 2014 -these specific shocks and technological innovations led to falling prices (Uliha 2016) . Result of breaking down the time series into specific periods Examining the comovement between regional indices and the US index, similar to the entire time series but to a lesser degree, a unidirectional change in the S&P500 and oil prices strongly influenced the extreme rise in regional indices 5 even in the pre-crisis period ( Table 2) . At the same time, in the post-crisis model changes in the US index and oil prices affected the extreme returns of the V3 indices to an extent that surpassed the degree observed in relation to the entire time series ( Table 3 ). The strengthening of the influence of the US index indicates that global integration strengthened even further in the aftermath of the crisis. As a result of the US subprime crisis and its repercussions, the level of integration of regional
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Máté Csiki -Gábor Dávid Kiss markets increased further. With a stronger oil price coefficient, running the model for the period 2009-2017 demonstrates the continuously increasing exposure of the Central and Eastern European region to oil prices.
Once we examine the comovement between the V3 and S&P500 indices in the context of the extreme strengthening episodes of the 1997-2007 period, we find that the value of the correlation constant pertaining to the period (0.60) is lower than the corresponding value for the entire sample (0.64).
6 However, as opposed to the total sample, in the pre-crisis model most variables have positive coefficients in extreme positive return environments. Apparently, the capital market integration of the region was weaker in the pre-crisis period. By contrast, when we examine the comovement between the V3 and the US markets, we find higher correlation constant values in the post-crisis period than for the entire sample. In the post-crisis model most explanatory variables have negative coefficients.
As opposed to the total sample, in the pre-crisis period changes in the comovement between the Central and Eastern European indices and the US index were shaped by the interest environment of the V3 and the interdependence of regional indices. 7 The interest environment exerts an opposite effect than in the case of the extreme negative returns of the entire period. An analysis of the comovement between the V3 and the US market in the extreme positive return environment of the Visegrád region reveals that changes in interest rates had a dynamic effect on the comovement between the markets in the pre-crisis model, whereas changes in the exchange rate are among the determinants of the post-crisis model. In times of extreme strengthening, there is evidence of the herding behaviour across the Central and Eastern European region. In the region considered homogeneous by investors, the strengthening of an index or an increase in the comovement of an index with developed markets generates a similar effect even in relation to the rest of the regional indices. Similar to the pre-crisis period, the herding behaviour affecting the region can be also observed after the crisis, but in this case, it is triggered by negative shocks. 
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In the V3-S&P500 relation, changes in exchange rates assume a prominent role in the post-crisis model. In this period, the respective currencies of all three Visegrád states depreciated significantly against the US dollar. A weak local currency may boost the competitiveness of export-oriented firms. However, even export markets contracted owing to the financial crisis and the protracted recovery in the euro area. Presumably, the fact that the exchange rate reduces comovement between the markets both in the case of a positive and a negative strengthening in regional indices can be attributed to the slow recovery in export competitiveness. The significant explanatory power of the Russian index underpins the important trade relations and financial ties between the Central and Eastern European region and Russia, which remained even after the crisis. Based on the model, there is evidence of the contagion effect generated by the underperforming RTS index, which can be attributed both to the Russian crisis in the 2010s and to the Russian sanctions. In addition, an examination of the comovement between the US and regional indices reveals the strong impact of the DAX stock price index in the extreme negative return environment of the region in the aftermath of the crisis. This confirms that the direction of the financial and capital markets of the Visegrád 3 is strongly influenced by the German market over the long term.
Summary
The selection mechanism of the Heckman model highlights the increasing global capital market integration of the Visegrád equity markets. The extreme positive returns of the V3 stock price indices were strongly shaped by global investment appetite (S&P500 return) and global economic activity (oil price) variables. However, in an extreme negative return environment the effect of the global variables was stronger, and global risk (Libor) also became a contributor. Breaking down the time series into separate periods demonstrated that the region was characterised by a lower level of global integration preceding the 2008-2009 crisis, but the impact of global factors on the regional indices increased sharply following the crisis.
Based on the Heckman procedure applied for the purposes of this study, we can conclude that the correlation measured between the V3 and developed stock price indices is higher in the case of regional shocks, which points to the emergence of contagions between developed and regional markets. According to the results pertaining to the entire review period, fluctuations in the US S&P500 have a significant impact on regional markets. However, the direction of the financial and capital markets of the Visegrád countries is strongly influenced by the German market, and strong economic ties and financial integration are important determinants in the region. Before the 2008-2009 subprime crisis there was a lesser degree of comovement between the regional indices and developed indices in turbulent periods, but the correlation proved to be stronger after the crisis.
Periodically and as a function of market shifts, some variance can be observed in the contagion channels, and the unique properties specific to the region can be also recognised. With regard to the period as a whole, according to the model the volatility of the comovement between regional and developed markets may also be shaped by the regional interest rate environment, the Euribor risk premium, the exchange rate versus the US dollar and the Russian RTS index. According to the model applied, the comovement between the V3 and the US market in the extreme positive return environment of the Visegrád region was strongly influenced by changes in the interest rate in the pre-crisis period and by changes in the exchange rate in the post-crisis period. Further research is needed in order to identify the direction and effects of various contagion channels and to recognise the significance of the exchange rate. 
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Annexes
